ABSTRACT
INTRODUCTION
In the tropics decline in the chemical status of soils impinges on the ability of the crops to produce food on a sustainable basis. This decline is manifested in low reserve of essential plant nutrients, occasioned by low organic matter (OM) level in such soils (FAO, 2000) . Introduction of inorganic fertilizers helped to alleviate this problem but before their introduction crop production systems had depended upon crop rotation and biological diversity for success (Francis and Clegg, 1990: Ungaro et al., 2000) . In a crop production system with no consequence of environmental pollution associated with inorganic fertilizers, crop rotation, with minimiun or notillage systems, appears to be a suitable cultural practice.
Many workers have investigated the role of crop rotations under different tillage systems on soil chemical properties and crop yields, especially in the tropics (Lal et al. 1979; Lal, 1997; Aina et al., 1991; DeMaria et al., 1999) . In southern Nigeria, increased contents of soil organic carbon (SOC), CEC, total exchangeable bases and high infiltration rates were reported on a degraded Alfisol following use of grass/legume crop rotations (Lal et al., 1978 (Lal et al., , 1979 and on an Ultisol subjected to different management systems (Mbagwu, 1990) . Soil erosion by water was higher on bare than on cropped plots (Obi and Nnabude, 1988) . Similar results have been reported in Brazil (Vieira and Muzilli, 1984; Dechen et al., 1990) .
Some studies have revealed additional benefits of crop rotations to include high microbial biomass, and high saturated hydraulic conductivity (Vieira and Muzilli, 1984) . Control of insect pests, plant pathogens, nematodes, and weeds by breaking their reproductive cycles were advocated as part of integrated pest management involving rotation of summer with annuals, long-season with short-season, and wet-with dry-season crops (Francis and Clegg, 1990) .
Recently in southern Brazil, DeMaria et al. (1999) and Ungaro et al. (2000) reported increased OM, P, and K in maize/soybean rotation under no-tillage and about 30% higher maize yield in rotational compared to continuous maize treatments. The extent to which the differences in crop performance can be associated with nutrient status in the soil and crops' leaves has not been ascertained. In this study we evaluated the effect of rotating eight winter crops with summer-grown maize (Zea mays L) and soybean (Glycine max L.) on the chemical properties of a Rhodic Ferrassol (Oxisol) in southern Brazil and on uptake of nutrients by maize and soybean leaves. (Ortolani et al., 1995) .
MATERIALS AND METHODS

Location
The soil is a Rhodic Ferralsol (FAO/UNESCO) or Typic Haplorthox (Soil Taxonomy), and contains 5 g kg -1 sand, 24 g kg -1 silt and 71g kg -1 clay. The experimental area was grown to soybean in the summer and wheat in the winter for five years using conventional tillage system before initiating this study in 1985. The topsoil is characterized by pH 5.6; organic matter content, 41 g kg -1 ; P content, 25 mg dm -3 ; K content, 0.17 cmol kg -1 ; Ca content, 4.2 cmol kg -1 ; and Mg content, 1.5 cmol kg -1 . The base saturation was 67% and cation exchange capacity, 8.9 cmol kg -1 .
Treatments:
The effects of the various crop rotations in no-tillage system were studied using a randomized complete block design with three replications. The summer crops were maize (Zea mays L.) and soybean (Glycine max L.) The eight treatments were the winter crops as follow:
black oats (Avena strigosa Schieb). The spacings and cultural practices adopted in this studywere the recommended ones. Each year fertilizer was applied at the rate of 39.1 kg ha -1 P and 40.5 kg ha -1 K for soybean and 90.0 kg ha -1 N, 19.2 kg ha -1 P and 36.5 kg ha -1 K for maize. Two-thirds of the N fertilizer were applied at planting and one-third four weeks after germination. These are the commonly used rates by the farmers in this area. The granular fertilizers were placed in the grooves opened by a double-disk opener, 5-10 mm from the seeds. Nitrogen was applied as ammonium sulphate, P as single superphosphate and K as potassium chloride. Weeds were controlled by preand post-emergence herbicides used conventionally in São Paolo.
Experimental Design: Each treatment with dimensions 12m x 8 m covered an area of 96 m 2 . Two treatments were separated by a distance of 2 m whereas the replicates were separated by a distance of 10 m. The total area of the experiment was 4368 m 2 . From 1985 to 1987 the experiment was laid out in three blocks. Each block was divided into two halves. During the winter each half block was divided into eight to which the treatments were grown. During the summer one half of each block was planted to maize and the other half to soybean. So there were 24 treatments under maize plots and another 24 treatments under soyabean plots during the winter, giving a plant population of 50,000/ha for each of maize and soybean.
Soil Sampling and Analysis: Soil samples were collected after harvest of summer crops in 1988. Eight soil sub-samples in each plot were collected at 0-0.05, 0.05-0.1, 0.1-0.2 and 0.2-0.3 m depths using an auger. These sub-samples were mixed and sieved through 2 mm sieve before analysis. Calcium, Mg, K and P were extracted using an ion-exchange resin (Raij et al., 1986) . Extractable Ca, Mg and K were determined with an atomic absorption spectrophotometer. Phosphorus was measured with a colorimeter. Organic matter was determined by oxidizing 1 gm of soil with a 4 N sodium dichromate solution and 10 N sulphuric acid. The amount of OM was evaluated by colorimetry and the results were obtained from a standard curve of a series of soils in which OM was determined by Walkley and Black (1934) method. Soil pH was measured in 1:2.5 soil: CaCl 2 (0.01 M) solution. All these methods are described in Raij et al. (1987) . Data on nutrient contents of soil and crops were analyzed using analysis of variance and F-test procedure. Where the F-tests were significant at p < 0.05, comparisons among treatment means were made using Duncan's multiple range test (Snedecor and Cochran, 1976) .
Since the emphasis of this study was on the changes in soil chemical properties between 1985 and 1988 due to crop-rotation, two values for each soil chemical property shall be compared so as to detect any enhancements in these properties within this period, if any. Essentially therefore, the results of this study will deal with choice of winter crops for improvement of soil chemical properties and enhancement of nutrient uptake by maize and soybean in Campinas, southern Brazil. Table 1 in the 0-0.05 m depth in maize plots, crop rotations involving crotolaria, pisum, wheat and black oats produced significantly (p < 0.05) higher Ca contents than the others whereas the least was from Cajanus and Rye plots. This trend also repeated itself within the 0-0.3 m depth, implying higher accummulation of Ca in crotolaria, pisum, wheat and black oat plots than in the other winter crops. Similar results were obtained with Mg, CEC and per cent base saturation (BS). These low values can be attributed to the presence of cajanus in the rotation (DeMaria and Castro de, 1993) . With K, crotolaria plot had the highest content, followed by mucuna and wheat plots. Compared with the initial values of 4.2 cmol/kg (Ca), 1.5 cmol/kg (Mg), 0.17 cmol/dm 3 (K), 8.9 cmol/kg (CEC) and 67% (BS), it is evident that within the 0-0.3 m depth crotolaria accummulated significantly higher amounts of these soil nutrients than the rest of the treatments. If we consider a base saturation value of ≥70% as the ideal for this soil for maize production (De Maria et al., 1999) , it is shown that rotations of maize with mucuna, wheat, crotolaria and black oats had some liming values since they increased base saturation to 70%, 72%, 78% and 72%, respectively (Table 1) .
RESULTS
Effects of Crop Rotation on Extractable Ca, Mg, K, CEC and Base Saturation: As shown in
In crop rotations with soybean (Table 2 ) oats had significantly higher Ca than the rest of the treatments, followed by crotolaria, rye and black oat. Even though not all decreases were appreciable, it was only in rotations with oats, rye and cajanus that Ca decreased with sampling depth. Generally high concentrations of Ca were stored in the top 0.0-0.10 m depth in each of the rotations. The content of Mg decreased with depth in rotations with mucuna, cajanus, On the average CEC varied from 9.6 cmol/kg in cajanus and from 9.4 cmol/kg in wheat to 10.5 cmol/kg in oat. As is usual in this type of study, its distribution with depth did not show any consistent pattern. Considering the 0.0-0.10 m depth, the BS values were well over 70 in all rotations. In fact within the 0.0-0.30 m depth all treatments but cajanus had > 70% base saturation. It appears that the increase in the values of total exchangeable bases in soybean than maize plots accounted for this increase in BS in all the rotations since not much variation in CEC was observed between the two crops. With respect to the initial values of these soil chemical properties, the increase in extractable Ca varied from 4.8% in cajanus to 30.9% in oat. The respective increases for Mg were 40% in cajanus and wheat to 66.7% in pisum, for K, 47.1% in crotolaria, for CEC, 5.6% in wheat to 18.0% in oat and BS, 3.0% in cajanus to13.4% in oat. Some of these increases are substantial considering that only three years difference between the initial and these values were evaluated.
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Effects of Crop Rotation on pH, Organic Matter, Extractable P, and Exchangeable H and Al: In maize plots the highest pH value (6.1) was obtained in crotolaria whereas the least (5.2) occurred in cajanus treatments (Table 3) . Variations of pH with depth were rather low and varied from 2.8% in black oat to zero in cajanus treatments. With regard to the average values, the pH values of ≥5.7 obtained from wheat, black oat, and crotolaria treatments were significantly (p < 0.05) higher than the rest. Also the magnitude of variations in OM contents with depth for the treatments were low and varied from 1.3% in crotolaria to 6.3% in cajanus plots. There was no consistent trend in their distributioin with depth, consequently the average values were compared. The values varied from 3.7% in cajanus, rye and oat plots to 4.1% in mucuna treatments. With the exception of the 0.05-0.10 m soil layer in mucuna treatment (with P content of 56 mg/dm 3 ), the highest content of extractable P occurred in the top layer whereas the least was obtained in the 0.20-0.30 m layer in all crop rotations. The crop management implication of this result is that the top soil is the seat of extractable P in this soil and should be considered is subsequent treatments in this soil. On the average the highest value of P, 39 mg/dm 3 was obtained in mucuna and the least (25 mg/dm 3 ) in cajanus plots. This highest value was significantly better than the rest of the crop rotations. The variation in total acidity (H+Al) with depth was from 9.4% in crotolaria to 13.3% in cajanus. It is noted from these data that crotolaria which had the highest pH value (6.0) also had the lowest total acidity (2.3 cmol/kg) and cajanus with the lowest pH (5.2) also had the highest total acidity (3.5 cmol/kg). In fact the very high and significant (p<0.01) negative correlation between pH and total acidity (-0.967**) in these treatments emphasizes the contribution of OM and soil exchange properties to the acidity of the soil. Compared with the initial values in 1985, pH was increased from 3 to 5% by cajanus, black oat and crotolaria, available P from 4 to 56% in all treatments but cajanus which maintained it at its original level and total acidity was decreased from 3% in pisum to 23% in crotolaria. Two of the rotation crops (wheat and rye) actually increased total acidity above the initial value. Apart from wheat the other treatments reduced soil OM to levels below that of 1985. Even though not a new relationship, this implies that with regard to OM status, the short-term contribution of these crop rotations was poor.
As in the maize plots, the pH and OM values of the soybean plots were essentially the same in terms of absolute amounts and distribution with depth (Table 4) . Taking the average values of the 0.0-0.30 m depth, all treatments but pisum increased the soil pH just slightly from between 5.6 (in cajanus) to 5.9 in oat, wheat and crotolaria treatments. Considering the original pH value of 5.6 and OM content of 4.1 (g/100 g) in 1985, it appears that these rotation crops did not perform well in the short-term. There was consistent decrease in extractable P within the 0.0-0.30 m depth. The average P contents within this depth varied from 45 gm/dm 3 in oat to 23 g/dm 3 in pisum plots. With the initial P value of 25 g/dm 3 in 1985 it is only this pisum treatment that reduced it. The rest increased it between 4% in black oat and 80% in oat treatments. The lack of consistency in the distribution of total acidity (H+Al) within the 0.0-0.30 m depth necessitated using the average values which, unlike those of maize plots, were all below the 3.0 value in 1985. These values varied from 2.2 in crotolaria to 2.9 in cajanus and pisum treatments. Since both maize and soybean plots received the same treatments, this implies that soybean more than maize contributed in lowering the acidity levels of this soil. Also the significantly (p<0.01) high negative correlation between soil pH and total acidity (-0.958**) confirms the role of OM and exchange site on the acidity of this soil, even though the crop rotations did not enhance the low level of OM in this soil.
DISCUSSION
In maize plots, taking the average of the soil profile distributions of nutrients, crotolaria had high amounts of Ca, Mg, K, CEC, BS, pH, and low amount of H+Al. The worst rotation crop was cajanus which had the lowest contents of these nutrients and the highest H+Al. The best performance of crotolaria may be related to its ability to fix N and release it for the succeeding maize crop and perhaps its ability to decompose fast and release its nutrients. In fact the three best rotation crops here were the legumes which decompose fast, whereas the three worst ones were the grasses (wheat, black oat and oat) which do not decompose fast and do not fix and retain N needed by maize. Similar results were obtained by Adams et al. (1970) , Francis and Clegg (1990) and Heichel (1987) . Considering their ability to fix and retain N in soils for high-N demanding crops like maize, Powers (1989) and Mannan (1962) advocated their preferential use in soils low in native N.
In soybean plots high amount of nutrients were accumulated in oat rotation, followed by crototalria and wheat/black oat. The worst rotation in this regard is cajanus. Hence for soybean the performance of these rotation crops had nothing to do with their families. However, the best performances of the grasses (oat, black oat and wheat) may be related to their inability to supplement soil N because soybean can fix its own N. De Maria and de Castro (1993) observed higher OM, P and K in soybean than maize under similar soil condition in southern Brazil. De Maria et al. (1999) also explained that high OM content of such soils can complex Al, Fe and Mn in the soil thus reducing P-fixation. The near similarity in the contents of P in the soil under the two crops (Tables 5 and 6 ) did not reflect the higher P applied to soybean than maize which contradicts the result of De Maria et al. (1999) .
